Abstract. Gallium arsenide coating by molecular layers is a of increasing interest both for its surface passivation and for its use as a chemical or biochemical sensor. The surface state of GaAs and the nature of the molecular functionality to be bound to the surface are very important to assure good and durable adhesion. This work, using both the vibrational and the electronic energy loss range of high resolution electron energy loss spectra, showed that the water content in the solventacetonitrile -has a dramatic effect on the amount of phenylphosphonic acid molecules adsorbed on the GaAs substrate. There is a poor molecular adsorption for water contents ranging from 0 to 4% volume: HREELS spectrum is always a combination of the substrate and the adsorbed molecule spectra. For a water content of 5% there is an abrupt jump in the HREELS spectra shape: they become typical of phenyl groups in the electronic region. In the vibrational region, the typical C-H stretching peaks of aliphatic chains disappear showing that the extreme surface is exclusively covered by phenyl functions. Also for the samples, where a large adsorption occurs, surfaces become negatively charged under electron irradiation showing the existence of a large number of traps for incident electrons. Sonication of such well covered substrates destroys intermolecular bonds but keeps molecules that are chemically bound to the substrate.
Introduction.
Gallium arsenide is an outstanding material for building devices for chemical sensing. For this purpose, a molecular monolayer coating is used to stabilize the surface of GaAs against oxidation and to selectively recognize analyte molecules, or ions, by the variation of its dipole moment when capturing molecules. For this work an organic molecular layer was adsorbed onto a gallium arsenide sample immersed in a liquid solution The molecules adsorbed need to be bifunctional, one being for binding chemically to the surface of the device and the other to the analyte. Knowledge of the quality of the layer, and in particular the nature of the molecular bonding to the surface and the molecular coverage, is crucial because the stability of the sensing surface depends on the quality of the molecular bonds with the substrate. Moreover, the number of adsorbed molecules, (i.e. the molecular coverage) is important to ensure that the device has good sensitivity to the analyte. In this work, carboxylic acids were used for the sensing layer. The action of water content on an organic solvent over the acid-basic equilibrium is very well illustrated in literature. For the system acetonitrile/water it was shown that an increase in the water content decreases the pK a for several acid/bases pairs [1] . On the other hand, the action of the water over the GaAs surface, namely on the selective dissolution of some of their oxides, has been addressed by several authors [2] .
High resolution electron energy loss spectroscopy (HREELS) is a surface analysis technique outstandingly sensitive to the extreme surface of organic layers (more than 85% of the probing electrons come from a depth inferior to 10 Å [3, 4] ). In a HREELS experiment, a monokinetic electron beam interacts with the surface region in different ways exciting vibrational modes [5] and electronic states [6] . The intensity of the backscattered electrons is measured versus energy for a given direction or, versus analysis angle for a given energy. Depending on the mechanism (dipole, impact or resonance) [5] , electron interactions can be produced at different distances. In particular, impact interactions (short range), produced at typical interaction distances of some Angstroms and observed in off-specular conditions, become mainly sensitive to molecular groups exposed at the film-vacuum interface [3] . Vibrational and electronic excitations, as well as secondary electron emission, can occur [6] . A great advantage of HREELS is the possibility of measuring these excitations from IR to UV, without changing the probe source or the detection system. Unlike photons, electrons can exchange fractions of both energy and momentum with the medium. Impact and resonance mechanisms were found to be very important in the excitation of vibrational and electronic states in the surface region of polymers [6] or in organized films [7] . As the spectra can contain information on both vibrational and electronic states, HREELS can be used advantageously for studying molecular orientation, the extreme surface chemical composition and, simultaneously, to infer its effect on the changes of electronic excitation. [6] . HREELS was used to examine the influence of the solvent (acetonitrile+ water) phenylphosphonic acid coverage of gallium arsenide.
Experimental.
Single crystal, undoped, semi-insulating GaAs wafers of (100) orientation were purchased from Freiberger. Deionized water with 18.2 Mohm.cm was obtained from a Millipore deionising system using previously distilled water. Acetonitrile 99.9% pure for spectroscopy (Merck) and phenylphosphonic acid (C 6 H 5 PO 3 H 2 ) ≥98% pure (Fluka) were used without further purification. Solutions 2×10 -3 M of phenylphosphonic acid in (100-X)% acetonitrile and X% water by volume, (where X= 0, 0.5, 1, 2, 3, 4, 5, and 10) were prepared. The GaAs (100) wafers, previously degreased with anhydric acetone and alcohol and etched with 1% diluted hydrofluoric acid following a procedure described in detail elsewhere [8] , were immersed in the solutions for ~17 h and subsequently rinsed in acetonitrile (in the text below, the samples will be called X% H 2 O). One of the samples, denominated 10% H 2 O sonic., was ultrasonicated in acetonitrile for 1 min 30 s after interaction with the solution. HREELS spectra were recorded in an ultra-high-vacuum (10 -9
Torr) environment using a LK Technologies 2000R spectrometer. Incidence and analysis angles were, respectively, 60° and 30º, which is a favourable geometry for the analysis of the extreme layer surface. Incidence electron energy ranged from 2 to 8 eV and spectra were recorded using a sweeping voltage step of 2.745 meV. Electron energy loss varied from -0.2 to 9 eV. Samples were mounted and carried to the analysis chamber in an argon atmosphere and introduced under a pure nitrogen flux.
Results and Discussion.
Both the vibrational (Fig. 1a and b) and electronic ( Fig.1c and d) domains of HREELS spectra recorded with a nominal primary energy of 8 eV are displayed. The first observation concerns the energy of the incident electron beam, measured as the total spectrum extension from the elastic peak to the end of the spectrum (real energy). It is near (∆ ~ 0.6 eV) the nominal energy (taken as the potential difference between the filament and the sample holder) for all the samples except for the 5 and 10% H 2 O samples. For a nominal energy of 2 eV, no spectrum could be recorded for the 10% H 2 O samples and the real energy for the 5% H 2 O sample was near 0.5 eV. Using a nominal energy of 8 eV, the real energy obtained from the 5% H 2 O and 10% H 2 O spectra is about 5 and 2 eV, respectively. This indicates a high charging effect in these samples due to the presence of a large number of electron traps. In the 10% H 2 O sonic , no sample charge occurs. Other interesting observations concern the vibrational and electronic excitations. In the vibrational region one can see that the bare substrate, after degreasing and HF etching, always presents some contamination, proven mainly by the peak of aliphatic C-H stretching, with an energy loss around 2900 cm -1 (containing both symmetric and asymmetric mode contributions of CH 2 ) but also by the deformation modes around 1400 cm . The existence of this last contribution, confirms the presence of aromatic rings and consequently the adsorption of phenylphosphonic acid onto the substrate surface. Concerning the electronic region, the phenyl group excitation threshold appears around 3.3 eV. For 0, 0.5, 2, 3 and 4%, (for clarity only the 3% H 2 O sample is shown in the figure), the threshold of the first excitation, the first triplet 3 B 1u is preceded by a tail. Contrarily, for the 5% and 10% H 2 O samples (Figure 1a and b), the vibrational C-H stretching no longer contains the aliphatic component, showing a good coverage of the substrate by the aromatic groups. However, its large charging effect indicates that the organic, non-conducting layer is thick. This is confirmed by XPS measurements, from which a rough estimate indicates the existence of about 10 non-stratified layers. In the electronic range (Figure 1c) , 5% H 2 O spectrum does not present the substrate tail. However, the large charging effect of the sample diminishes the real energy, preventing excitations of the higher electronic levels of the aromatic ring. In the particular case of the 10% H 2 O sonicated sample, both the vibrational and the electronic spectra indicate that a good (but not complete) coverage of the substrate (better than for X<10) was attained without any charge effect, which is compatible with a Solid State Phenomena Vols. 99-100thinner layer. Moreover, the intensity of the optically allowed transition to the third singlet ( 1 E 1u ) increases relatively to those optically forbidden, suggesting different orientation of the phenyl rings.
Conclusions.
Both using the vibrational and the electronic energy loss ranges, it is shown that there is a poor molecular adsorption for solutions with water contents ranging from 0 to 4%: HREELS spectrum is always a combination of those of the substrate and of the adsorbed molecules. For a water content of 5%, there is an abrupt change in the HREELS spectra shape, which approaches the typical spectra of layers totally covered by phenyl groups. For the 10% H 2 O sonic.,the spectra reveal the existence of a thinner layer (or monolayer) with more organized benzene rings more than in samples prepared with solutions with a water content lower than 5%. Water appers to have a dual role in the solvent: it modifies the GaAs surface by removing selectively the arsenic oxide and, simultaneously, effects the acid-base equilibrium of the phenylphosphonic acid. The overall effect results in a huge increase of the molecular adsorption for X>5. This is likely due to an enhancement of the molecular aggregation leading to a complete coverage of the substrate. Sonication of such well covered substrates destroys intermolecular bonds removing physisorbed molecules and keeping those more strongly, chemically, bound to the GaAs substrate.
